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1.0 GENERAL INFORMATION

1.1 As a result of the combined efforts of the U.S. Naval Oceanographic
Office (NAVOCEANO) and the British Geological Survey (BGS), the new Department
of Defense (DOD) magnetic model, WC-85, is available. WC-85 has been adopted
as the official model by United States and United Kingdom defense
establishments, and by the International Hydrographic Bureau. The U.S. models
the Earth's main magnetic field; the U.K. models the secular variation or the
slow changes in the main field over time. John M. Quinn of NAVOCEANO and
David R. Barraclough and David J. Kerridge of BGS coordinated the WC-85
modeling effort.

1.2 The WC-85 model is defined by a set of spherical harmonic coefficients to
degree and order 12 which describes the main magnetic field of the Earth at
the base epoch of 1985.0 and by a set of spherical harmonic coefficients to
degree and order 8 which predicts the slow annual changes of the Earth's main
magnetic field for 1985.0 to 1990.0. The main field coefficients at any epoch
other than the base epoch are adjusted linearly with time using the secular
variation coefficients. The model gives a global description of the northward
(X), eastward (Y), and downward vertical (Z) magnetic field components, total
and horizontal intensities (F and H), the declination (D) and the inclination
(I) of the geomagnetic field for altitudes to 800 km. Because the Earth's
magnetic field changes with time, the model is updated every five years.
Thus, WC-85 supersedes WC-80 and will be superseded by WC-90.

1.3 The WC-85 main field model is based on magnetic-vector observations from
the MAGSAT satellite and from NAVOCEANO's Project MAGNET aircraft surveys.
The secular-variation model is based on historical data and annual means of
magnetic-vector observations from worldwide magnetic observatories (Quinn
et al., 1986).

1.4 The WC-85 model represents a very smooth interpretation of the Earth's
main magnetic field and can resolve only core-related features with
wavelengths of about 3500 km or longer. Therefore, model values may not beIi sufficient for some uses in surface and air navigation where declination
anomalies and local magnetic features appear (Vega and Jack, 1986).

2.0 EXPLANATION

2.1 The World Magnetic Model describes the geomagnetic potential
V(r, 0, (h, t) by the following mathematical expression Quinn, 1986):

r . 12 n

V(r, 0, (h, t) = a ' (r/a) n+1 {gm(t) cos m b+ hm(t) sin m4) pm(cos 0),
n=1 m=O

where in spherical coordinates a is the mean radius of the Earth (6371.2 km),
r is the radial distance from the Earth's center, 9 is the colatitude, 4 is

the longitude, t is the time, Pm(cos 9) are the Schmidt quasi-normalized

Stn
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associated Legendre functions, and g and h are the spherical harmonic

coefficients. The secular variation of the geomagnetic potential is the time
derivative of the above expression truncated to degree and order 8. The
northward (X), eastward (Y) and vertically down (Z) components of the magnetic

induction /(r, 0, (h, t)= -VV are given as follows (Quinn et al., 1986):

X = -1 = (1/r) avla6;

Y = ,!, -(r sin )- 1 aVlab;

Z.. = -jr = av/ar .*

2.2 The ASCII FORTRAN Subroutine GEOMAG is available that computes the
elements of inclination, declination, and total intensity for any geodetic
position above the International Astronomical Union (1966) reference ellipsoid

-and epoch within the 5-year lifespan of the model. In geodetic coordinates D,
I, F, and H are related to the X, Y, and Z components of the magnetic
induction as follows:

D = tan -1 (Y/X) F = A 2 + Y2 + Z2

I = sin "I (Z/F) H = 4 2 + Y2

The program uses any set of Schmidt normalized spherical harmonic
coefficients, not to exceed degree and order 12, such as IGRF-80, DGRF-75,
WC-85, and others.

2.3 Tables of grid values of X, Y, Z, D, I, H and F at every 5-degree grid
intersection of latitude and longitude for 1985.0 at the Earth's surface are
provided. Annual change values (i.e., main field values at the base epoch
plus one year minus main field values at the base epoch) are given as the
second entry for each point. The D and I values are given in degrees decimal
and their rates of annual change in minutes per year. Positive values equal
east declination and downward inclination; negative values equal west
declination and upward inclination. X, Y, Z, H, and F are in units of
nanoteslas for the main field values and nanoteslas per year for the secular
variation values. Positive values for Z are taken downward; negative values
are taken upward. For example, WC-85 model values at 10ON and 140 0E are as
follows:

% %
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Main Field Annual Change

X 37039 nT 1.5 nT yr-
Y 1092 nT -. 5 nT yr'l
Z 2308 nT -14.3 nTr-T1

37055 nT 1:4 nyr-I1

F 37127 nT .5 nT yr-1

Small-scale magnetic contour charts of X, Y, Z, D, I, H, and F, and of their
corresponding annual changes are also provided. The map projection is
Mercator.

2.4 The main field model for 1985 gives the following positions for the
magnetic dip-poles at 1985.0 (Quinn et al., 1986):

North dip-pole 77.5 0N 102.7 0W

South dip-pole 65.2 0 S 139.20E

2.5 For more information on the availability of the WC-85 coefficients and
GEOMAG subroutine on magnetic tape, write to:

Commanding Officer
U.S. Naval Oceanographic Office
Bay St. Louis
NSTL, MS 39522-5001

Attention: DOD Geomagnetic Data Library

I
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t TABLE 1. SPHERICAL E:ARMONIC COEFFICIENTS - WC-85.

MAIN FIELD SECULAR CHANGE

m m m m,m 9n h n gn n

1 0 -29879.8 .0 21.9 .0
1 1 -1903.3 5490.5 10.6 -31.5
2 0 -2070.6 .0 -11.2 .0
2 1 3040.8 -2189.1 1.8 -9.7
2 2 1696.7 -312.0 9.3 -19.9
3 0 1303.9 .0 8.3 .0
3 1 -2203.0 -310.3 -2.0 6.1
3 2 1241.7 282.6 -.6 1.3
3 3 839.4 -299.2 2.4 -13.0
4 0 933.8 .0 -1.2 .0
4 1 781.8 227.2 .1 1.3
4 2 359.0 -246.7 -9.7 3.6
4 3 -424.5 72.5 -1.7 2.5

r- 4 4 164.5 -299.1 -9.3 .6
5 0 -216.4 .0 1.4 .0
5 1 353.0 43.4 -.5 -.9
5 2 254.3 148.2 -1.2 .6
5 3 -93.7 -154.8 -2.2 .3
5 4 -157.5 -71.8 .9 2.4
5 5 -45.2 91.5 .0 -1.4
6 0 53.2 .0 3.1 .0
6 1 63.8 -12.3 .0 .7
6 2 51.3 87.9 1.8 -2.1
6 3 -188.4 67.8 -.2 -1.4
6 4 3.3 -51.1 -.4 -4.3
6 5 20.3 -4.0 2.4 -.7
6 6 -101.7 20.8 1.8 .0
7 0 76.9 .0 -.1 .0
7 1 -60.7 -80.1 -.8 .0
7 2 .7 -25.9 -1.2 1.2
7 3 25.4 -.9 1.1 2.0
7 4 -8.1 21.6 .0 2.6
7 5 6.9 18.5 .6 .9
7 6 7.0 -20.0 -1.8 .8
7 7 -4.4 -7.7 -1.2 .4
8 0 18.4 .0 .2 .0
8 1 5.1 3.8 .0 -,6

N 8 2 1.2 -20.2 .7 -1.5
8 3 -12.0 5.0 .1 .1
8 4 -9.1 -24.2 .2 -1.1
8 5 .1 12.2 -.3 .4
8 6 4.7 7.6 -.1 -2.0
8 7 6.5 -16.3 .2 .9
8 8. -9.5 -10.9 -2.2 1.5



,,S. TABLE 1. SPHERICAL HARMONIC COEFFICIENTS - WC-85 (Con.).

MAIN FIELD SECULAR CHANGE

m m m m
n m n g h h n

9 0 5.7 .0 .0 .0
9 1 10.9 -20.8 .0 .0
9 2 .9 15.8 .0 .0
9 3 -12.2 9.0 .0 .0
9 4 9.5 -5.0 .0 .0 n
9 5 -3.3 -6.4 .0 .0
9 6 -1.0 9.1 .0 .0
9 7 6.5 9.9 .0 .0

". 9 8 1.5 -5.8 .0 .0
9 9 -4.8 2.3 .0 .0

10 0 -3.4 .0 .0 .0
10 1 -4.7 1.2 .0 .0
10 2 2.5 .4 .0 .0
10 3 -5.5 2.5 .0 .0
10 4 -2.1 5.6 .0 .0
10 5 4.6 -4.4 .0 .0
10 6 3.2 -.5 .0 .0
10 7 .6 -1.6 .0 .0
10 8 1.9 3.7 .0 .0 I
10 9 2.8 -.5 .0 .0
10 10 -.2 -6.1 .0 .0
11 0 2.3 .0 .0 .0
11 1 -.8 1.3 .0 .0
11 2 -2.0 2.0 .0 .0
11 3 2.1 -1.1 .0 .0
11 4 .2 -2.8 .0 .0
11 5 -.4 .7 .0 .0
11 6 -. 4 -. 1 .0 .0
11 7 1.6 -2.4 .0 .011 8 1.5 -.4 .0 .0

* 11 9 -.7 -1.5 .0 .0
11 10 2.3 -1.5 .0 .0:,.,
11 11 3.5 .7 .0 .0
12 0 -1.8 .0 .0 .0
12 1 .0 .3 .0 .0
12 2 .1 .6 .0 .0

* 12 3 -.3 2.5 .0 .0
12 4 .5 -1.7 .0 .0
12 5 .5 .3 .0 .0
12 6 -.6 .2 .0 .0
12 7 -.4 .0 .0
12 8 .0 .0 .0

12 9 -.5 .1 .0 .0
12 10 .0 -1.4 .0 .0
12 11 .7 .4 .0 .0
12 12 -.2 .7 .0 .0
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TABLE 2. WC-85 MAIN FIELD AND ANNUAL CHANGE GRID VALUES
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DISTRIBUTION LIST

CGFMFLANT (NSAP Advisor) 1
CGFMFPAC (NSAP Advisor) 1
CGMCDEC (NSAP Advisor) 1
CINCLANTFLT (N37C, NSAP Advisor) 2
CINCPACFLT (02M. J37, NSAP Advisor) 3
CINCUSNAVEUR (NSAP Advisor) 1
COMAREASWFORSIXTHFLT (CTF 66) 1
CONINEWARCOM (NSAP Advisor) 1

'COMNAVAIRLANT (NSAP Advisor) 1
COMNAVAIRPAC (NSAP Advisor) 1
COMNAYSEASYSCOM (Codes 56Z22, Library Documentation

Branch SEA 09B31) 2
COMNAYSURFIANT (NSAP Advisor) 1
COMNAVSURFPAC (NSAP Advisor) 1
COMOPTEY FOR 1
COMPACMISTESTCEN (Codes 1018, 3250, 4024, 5021) 4
COISEABASEDASWINGSLANT (NAVOCEANO Flt. Rep.) 1
COMSECONOFIT (NSAP Advisor) 1
COMSEVENTNFLT (NSAP Advisor) 1
COMSIXTHFLT (NSAP Advisor) 1
CONSUBDEYRON TWELVE (20B) 1
CONSUBLANT (NSAP Advisor) 1
COMSUBPAC (NSAP Advisor) 1
ALL COMSURFWARDEVGRU 8
COMTHIRDFLT (NSAP Advisor) 1
OCA (Technical Library) I
Defense Information School 1
DMAAC 10
DMAHTC (Technical Library) 1
DMA! ASS 5
DNA (Technical Library) 1
ALL OPT NAVSCI 6
OTIC 10

KFASOTRAGRULANT (Det Brunswick, Cecil Field, Jacksonville) 3
6 FASOTRAGRUPAC (Det Agana, Barbers Point, Cubi Point,

Moffett Field, North Island) 5
FCTCLANT (Code 213) 1

4FLEASWTRACENLANT 1
FLEASWTRACENPAC 1
FLEBALMISUBTRACEN 1
FLEMINEWARTRACEN 1
FLENUMOCEANCEN 1
National Defense University 1
NATWARCOL 1
NAVAIRDEYCEN (Code 8131) 1
NAVAIRTESTCEN (Technical information Dept.) 1

tNAVAVIONICCEN (Technical Library) 1
NAVCOASTSYSCEN (Technical Information Center -Code 6120) 1
NAVEASTOCEANCEN 1
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NAVELEXCEN (Technical Library-Code AL) 1
ALL NAVELEXDET 2
NAVOCEANCOMCEN 2
ALL NAVOCEANCOMDET 47
NAVOCEANCOMFAC 7
NAVOCEANO (Maury Oceanographic Library) 1
NAVOCEANSYSCEN (Technical Library-Code 447) 1
NAVPGSCOL I
NAVPHIBASE 1
NAVPOLAROCEANCEN I
NAVSHIPWPNSYSENGSTA (Code 5125) 1
NAVSWC (Technical Library-Code E23) 1
NAVTACSUPPACT (Technical Library) I
NAVWARCOL (Technical Library) 1
NAVWESTOCEANCEN 1
NAVWPNSUPPCEN (Code 016) 1
NISC (Technical Library-Code 63) 1
NORDA (Codes 245, 302, 352, 370, 371, 372, 550, 125L) 8
NRL (Technical Library-Code 2620) 1
NUSC (Technical Library-Code 02152) 1
OPTEVFOR (Technical Library) 1
SUBASE 1
SWFPAC (Technical Library-Code SPBI61) I
SWOSCOLCOM (Technical Library) I
USNA (Nimitz Library) I
WPNSTA (Technical Library) 1
Analysis Technology I
AVCO Systems vision I
BGS I
Boeing Aerospace Company I
Boeing Commerical Airplane Company 1
Boeing Military Airplane Company 1
Canadian Pacific Airlines I
Center for Naval Analyses (Technical Library) 1
Center for Potential Field Studies, CSM 1
College Observatory 1
Control Systems Technology Center 1
Danish Meteorological Institute 1
Defense Communications Agency 1

* Digital Cartographic Systems 1
Eastern Airlines 1
EG&G/Geometrics I
ESL I
General Dynamics 2
General Electric Co. 1

* Geophysical Services, Inc. 2
Geosource Marine I
Goddard Space Flight Center 1
Hughes Aircraft 2
Institute Nazionale Di Geofisica 1
Intergraph Corporation 1
KLM-Royal Dutch Airlines 1
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LITEF I
Litton I
Lockheed Corporation I
Maritime Safety Agency 1
McDonnell Douglas Corporation I
McDonnell Douglas Helicopter Corp. 1

-) NOAA/NDBC I
NOAA/NGDC 3
NOAA/NOS (Codes, N/CG22X2, N/CG31X4) 2
Northrop Corporation 1
Shell Offshore, Inc. I
Singer/Link 1
SIO 1
Systems & Applied Sciences Corp. 1
Systems Control Technology 1
Technical Studies & Analytical Corp. 1
TRW Corporation 1
USGS Denver 3

s USGS Fredericksburg 1
USGS Menlo Park 1
WHOI 1

~ARMY
AM Avionics R&D Act. 

1
Eng Topo Lab 1
ESEIA I
USAATCA-ASO 1
36 Medical DET 1

AIR FORCE
AFGWC 1
Ogden AFLC 1
(SPECIAL) (AFLC) 1
CPUSS I
HQASD I
USAF Academy (Technical Library) 1
9th SRW/IND 1
31st Test and Evaluation Squadron I
366th Tactical Fighter Wing I
403 Rescue and Weather Reconnaissance Wing/DOX 1
815 Weather Reconnaissance Wing/DOT 1
4029th Strategic Reconnaissance Training Squadron 1
6514th Test Squadron 1
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